West Nile virus (WNV) has historically been considered among the least virulent members of the Japanese serogroup complex (family Flaviviridae, genus Flavivirus). The WNV natural cycle involves birds as the main amplifying hosts and several species of mosquito as vectors. Many outbreaks occurred during the past decade, causing severe human encephalitis in the Old World, and the virus has become established in many European countries. Emergence of WNV is difficult to predict and even more difficult to prevent. In this review, the latest information on the epidemiology, transmission dynamics and clinical aspects of WNV is presented, with particular focus on specific factors likely to trigger changes in the distribution of the disease in Europe, such as climate changes and their consequences on the potential vectors of WNV or bird migration routes. The control of some anthropogenic and environmental factors could help prevent extension and re-emergence of WNV epidemics.
Introduction
West Nile virus (WNV) is a flavivirus transmitted in natural cycles between birds and mosquitoes, particularly Culex spp. (Fig. 1 ) (104) , and was first isolated in 1937 from the blood of a woman suffering from a mild febrile illness in the West Nile district of Uganda (99) . In the Old World, many outbreaks causing severe human encephalitis were observed during the mid-1990s and (10, 23, 70, 79, 95, 106, 107) (Fig. 2) . In Bucharest (Romania) and Volgograd (Russia) epidemics occurred in urban areas where cellars flooded with sewagepolluted water were highly productive breeding sites for an effective vector, Culex pipiens (107) . Outbreaks on this scale have also occurred in Israel (114) .
Since 2008, outbreaks have been reported in several countries of Europe with neuroinvasive human cases potentially associated with equine cases. In Italy between 2008 and October 2011, 39 human neuroinvasive cases associated with two fatalities were observed, together with 191 equine cases and 19 fatalities (8, 15, 29, 87) . Strains of WNV isolated in 2008 and 2009 from samples of equids and birds (one pigeon, three magpies) were genetically very close to the 1998 Tuscan strain, as well as to isolates from Romania, Russia, Senegal and Kenya (67, 94) . In Spain (Andalusia) in 2010 and 2011, two non-fatal human cases and 42 equine cases with ten fatalities were reported for the
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first time in that country (83) . In the same period, large outbreaks occurred in Greece (322 human neuroinvasive cases, including 39 fatalities) and Russia (596 human neuroinvasive cases, including 6 fatalities) (83) . Other countries such as Albania, Bulgaria, Macedonia, Portugal, Romania and Turkey were also affected by the disease (83) . In Italy, only limited reports of avian mortality have been available until now (15) , in contrast to the situation in the United States (USA) since 1999, Israel in 1998 and Hungary in 2004-2005 (10, 31, 64) . Some of these European outbreaks were associated with the emergence of lineage 2 viruses never isolated in Europe before 2004 (1, 20, 57, 78) .
West Nile virus was first detected in the Western
Hemisphere in 1999 in New York City (58) . Subsequently, the virus spread across continental USA, leading to unparalleled morbidity and mortality rates in humans and equids, then continued its progression northward into Canada and southward into the Caribbean Islands and Latin America (55, 115, 116) . In the USA, 1,263 fatal cases and 31,392 reported cases of WNV infection occurred between 1999 and 2011 (19) . Currently, WNV is considered endemic throughout much of the Western Hemisphere.
West Nile disease will most probably continue to be a public health concern. Because the virus has the most widespread geographical distribution and the largest vector and host range of all mosquito-borne flaviviruses (116) , it has become newly established in several countries and there is little likelihood that it can be eliminated. This paper discusses factors that could be involved in changes recently observed in the distribution of WNV in Europe, with particular reference to risk assessment models.
Disease transmission and epidemiology
Molecular epidemiology
West Nile virus is mosquito borne and belongs to the genus Flavivirus, family Flaviviridae (70) . European epidemics may be initiated by the introduction of variants from Africa carried north by migratory birds, although introduction from Europe to Africa cannot be ruled out. Phylogenetic studies have shown the existence of two main lineages (9) . Lineage 1 includes WNV strains from Africa, Europe, the Middle East, North America, India and Australia. Until the mid-2000s, lineage 2 was considered to have low pathogenicity and its distribution was restricted to African countries. However, lineage 2 was isolated for the first time from birds in Hungary in 2004 and 2005, demonstrating enzootic circulation in this area (31) . Both lineages have since been described in Hungary and the disease reported in wild and domestic birds, and in sheep and horses (57) . More recently, outbreaks caused by lineage 2 have been reported in other European countries such as Russia (78) , Romania (97), Greece (109) and Italy (1) . Of note is that lineage 2 WNV has also been associated with fatal neurological cases in horses and humans in South Africa, in 2002 and 2009 (14, 111) .
The virus isolated in New York City in 1999 was closely related to a strain isolated in Israel a year earlier (58) . As a result of the rapid evolution and adaptation of WNV, genetic variants of the NY99 strain have been identified in Texas since 2002. Moreover, these new variants replaced the initial one in just a few years (22, 28) as they have a selective advantage arising from a shorter extrinsic incubation period in Culex mosquitoes, thus enhancing their transmission speed and efficacy (68) . Subclades of lineage 1 occur in Europe, America, the Middle East, Africa, Asia (lineage 1a) and Australia (lineage 1b), and a distinct lineage has also been identified in India (lineage 5) (11) (Fig. 3) . Strains isolated in central Europe and Russia were classified as new lineages of WNV (lineages 3 and 4 respectively) (2), but their taxonomic status is currently unclear. In Spain, a putative new lineage of WNV was recently detected in pooled Cx. pipiens (110) .
Phylogenetic analysis suggests a common evolution between this Spanish strain and lineage 4 virus. Lineage 3 and 4 strains have not been associated with natural disease in animals or humans.
In summary, a great diversity of WNV strains is encountered in Europe and virulence data on the newly described strains begin to be available (100).
Mosquito (Diptera: Culicidae) transmission
Enzootic cycle
In Europe and Africa, the main enzootic vectors are Cx. pipiens, Cx. modestus, Cx. univittatus and Cx. antennatus (5, 41) . Infectious mosquitoes carry WNV in their salivary glands and are thus able to infect susceptible vertebrate hosts during feeding. Virus can be detected in almost all tissues of the mosquito, particularly in the brain and ventral nerve cord with its associated ganglia. The infection of vectors occurs mostly through feeding on viraemic hosts; however, transovarial transmission has been shown to occur in a small proportion of infected Cx. pipiens (25) . After infection, a temperature-dependent extrinsic incubation period ensues, during which virus replicates and enters the salivary glands. Typically, this period lasts for two weeks during warm periods, but is sensitive to both temperature and humidity (21) . After this period, mosquitoes can transmit the virus to susceptible hosts.
Maintenance of an outbreak is highly dependent on the longevity of the mosquitoes and the speed of development of the virus, both influenced by temperature. An optimum temperature is probably necessary for maintenance of a WNV outbreak, but this remains to be determined. Phylogenetic tree of West Nile virus strains, based on their complete genomic sequence GenBank accession numbers are indicated on tree branches for each viral strain The tree was constructed with the MEGA program (Molecular Evolutionary Genetics Analysis) by neighbour-joining with Jukes-Cantor parameter distances (scale bar). Bootstrap confidence level (1,000 replicates) and a confidence probability value based on the standard error test were calculated using MEGA. Japanase encephalitis virus, a close flavivirus, was used as an outgroup to root the phylogenetic tree
Bridge vectors
Bridge vectors that are distinct from enzootic vector species are not involved in the maintenance of WNV, because of their feeding preferences (predominantly mammals), but can be implicated in the epizootic transmission of WNV from birds to humans and/or horses. To determine the potential for a mosquito species to be an efficient vector, it is necessary to consider not only its vector competence for WNV under laboratory conditions but also its abundance, host-feeding preference, infection with other viruses with similar transmission cycles and whether WNV has been isolated from this species under natural conditions (52, 108) . Population density, host-feeding studies and genetic analyses have implicated Cx. pipiens as the most important bridge vector in eastern Europe and Russia (36) . Anautogenous populations of Cx. pipiens form pipiens, which feed mostly on birds, could hybridise with autogenous populations of Cx. pipiens form molestus in late summer and then feed on either birds or mammals (101) . Increased mammalian feeding by Cx. pipiens late in the season in temperate climates is a common observation. Recent genetic studies show that populations of Cx. pipiens in the USA are a mix of pipiens-molestus-quinquefasciatus genotypes and therefore express phenotypic traits variously (52) . Culex pipiens may therefore be involved in early-season amplification of WNV in enzootic cycles and serve as bridge vectors when autogenous-anautogenous hybrids become abundant (52, 101) .
Other potential vectors
The role of non-mosquito vectors in WNV epizootiology continues to be explored. West Nile virus has been detected in hippoboscid flies in the USA, using a Taqman reverse transcription polymerase chain reaction (RT-PCR) (34) , and isolated from soft ticks in Israel (69) and from hard ticks in Russia (63) . The potential role of other biting flies (e.g. biting midges, sand flies and black flies) remains to be explored.
Long-term perpetuation and spread
Potential mechanisms of WNV perpetuation within an enzootic focus include low-level continuous enzootic transmission, vertical transmission by mosquito vector(s) and chronic infection in birds (7, 56, 86) ( 
Vertical transmission of WNV in Culex and
Aedes mosquitoes has been demonstrated experimentally (7) and the virus has been isolated from field-collected larvae of Cx. univittatus in Kenya (66) . Whether these low rates of vertical transmission provide an effective way to perpetuate the virus remains unclear.
Birds, natural hosts for West Nile virus
Competent birds will sustain an infectious viraemia for 1 to 4 days after exposure, after which time they develop life-long immunity (48) . In Europe, bird mortality related to WNV infection is rare; however, in Israel, Hungary and Spain, several storks, geese and raptors are reported to have died from WNV infection (3, 44, 65) . In North America, emergence of WNV in New York City was revealed by the deaths of thousands of birds (102) .
In laboratory studies, Passeriformes (song birds), Charadriiformes (shorebirds), Strigiformes (owls) and Falconiformes (hawks) developed viraemia levels sufficient to infect most feeding mosquitoes (10 5 plaque-forming units/ml serum for Cx. pipiens, for example) (56) . Some passerines, including common grackles (Quiscalus quiscula), various corvids (crows: Corvus brachyrhynchos, jays: Cyanocitta cristata, magpies: Pica pica), house finches (Carpodacus mexicanus) and house sparrows (Passer domesticus) could be important amplifying hosts. The American robin (Turdus migratorius) has been identified as an important amplifying host for WNV in Maryland and Washington, DC, whereas the contribution of corvids to WNV amplification appeared relatively unimportant, despite their being largely affected by the disease (51) . In Europe, amplifying hosts have been little understood until recently (15, 46) .
Other possible transmission cycles for West Nile virus
Other potential amplifying hosts Humans, horses and most other mammals are incidental (dead-end) hosts of WNV because they do not produce significant viraemia and do not contribute to the transmission cycle (13) . The virus has been detected in several animals such as bats, cats, dogs, raccoons, rabbits, mountain goats, reindeer, alpacas, camels, skunks, harbour-seals, raptors, amphibians and reptiles, most of them being considered as incidental hosts (42, 61) . However, squirrels, eastern chipmunks (Tamias striatus), eastern cottontail rabbits (Sylvilagus floridanus), and certain species of lemur and alligator experience sufficiently high levels of viraemia to infect at least a low proportion of mosquitoes and may be competent amplification hosts for WNV (42, 80, 89, 93, 105) .
Non-viraemic transmission
The possible infection of mosquitoes feeding on non-infected hosts but near other infected mosquitoes has been suggested by some authors (39) . The phenomenon of cofeeding is well known in ticks (84) . Remarkably, 2.3% (n = 87) of Cx. quinquefasciatus cofeeding with a single infected mosquito on the same mouse became infected (39) . This mechanism could greatly accelerate the establishment of a WNV outbreak in a given area, independently of virus multiplication and development of viraemia in amplifying hosts. The mechanism of transmission during cofeeding should be determined for other potential vectors of WNV in order to evaluate its importance in the infection of mosquitoes with this virus.
New routes of transmission: non-vector transmission
There is strong evidence for non-vector routes of transmission, as in bird-to-bird transmission through the faecal-oral route, or via cloacal shedding or the consumption of infected carrion. Transmission of WNV between crows in the same cage and oral transmission from infected carcasses to crows have been demonstrated (56) . Direct transmission has also been demonstrated or strongly suspected in farmed alligators, domestic turkeys in Wisconsin and domestic geese in Canada (6, 17, 42) .
In humans, the most important area of concern with respect to new modes of transmission of WNV is the transfusion of infected blood components, which was documented in a group of patients, some of whom were immunocompromised, in the USA in 2002 (75) . Serological studies conducted in 2000 among blood donors living in the South of France showed significant prevalence of WNV IgG and IgM antibodies (37) . These cases led to the implementation of comprehensive surveillance of blood donations.
Other cases of WNV contamination transplacentally, through breast milk (38) or through dialysis (18) have been reported. Infection has also been occupationally acquired by laboratory workers and veterinarians through percutaneous inoculation and possibly through aerosol exposure, for example during a horse autopsy (16, 112 ). An outbreak of WNV disease among turkey handlers at a turkey farm raised the possibility of aerosol exposure (17) . Although these alternative routes of transmission are possible, their importance in the WNV cycle is difficult to establish and measure; indeed, individual cases are difficult to prove conclusively because almost all people are potentially exposed to mosquito vectors.
Clinical symptoms
Clinical features in humans
About 80% of WNV infections in humans are asymptomatic (77) . West Nile fever presents as a minor influenza-like illness characterised by abrupt onset of moderate-to-high fever lasting 3 to 5 days (incubation period 3 to 6 days). A maculopapular or roseolar rash (35) appears in approximately 50% of cases, spreading from the trunk to the extremities and head. Lymphadenopathy, anorexia, nausea, abdominal pain, diarrhoea, myositis, orchitis and respiratory symptoms are also encountered (98) . Hepatosplenomegaly, hepatitis, pancreatitis, myocarditis (76) and haemorrhagic fever have been reported infrequently (73) . Occasionally (< 15% of cases), acute aseptic meningitis or encephalitis occurs (92) . Flaccid paralysis can accompany other syndromes, generally without sensory loss (96); however, there have been reports of axonal polyneuropathy in which both sensory and motor neurons appear to be affected (40) . A striking feature of WNV encephalitis is disorder of movement, some of these abnormalities being characterised as Parkinsonism (88) . Up to a year may be necessary for convalescence following encephalitis. Myalgia, confusion and lightheadedness may persist even beyond this period and prolonged depression persists in as many as 31% of patients (72).
Host risk factors
The incidence of neuroinvasive WNV disease and death increases with age. Other risk factors associated with development of neuroinvasive disease rather than West Nile fever include male gender, hypertension and diabetes mellitus (43) . Hypertension and cerebrovascular disease presumably promote virus entry and replication in the endothelium of the blood-brain barrier. Diabetes and hypertension are both independent risk factors for increased permeability of the blood-brain barrier.
Immunocompromised humans are at the greatest risk for disseminated WNV infection. The induction of a specific, neutralising IgM response early in the course of WNV infection limits viraemia and dissemination into the central nervous system and protects against lethal infection (24) .
Clinical features in animals
Following WNV infection, approximately 10% of horses present neurological disorders. Apart from fever (>38.5°C), clinical signs of WNV in horses almost exclusively reflect lesions of the central nervous system: ataxia in hindlimbs and/or forelimbs, abnormal behaviour, paresis, paralysis, muscular tremors, myoclonia, lethargy and cranial nerve deficits (71) . Mortality rates among clinically affected horses have been estimated as approximately 40% to 50% (71) . Two articles report results of experimental WNV infection in limited numbers of horses (12 horses and 9 equids respectively) and tend to reinforce many field observations. Major clinical signs were those of infectious meningoencephalomyelitis (fever, lethargy, ataxia, paresis…) but they appeared in only 40% and 8% of infected animals respectively (13, 45) . Viraemia levels in infected horses are too low in magnitude and duration to infect vectors efficiently, confirming that horses are unlikely to serve as amplifying hosts for WNV (13) .
Encephalitis and myocarditis have been reported in dogs (61) . Mice and other laboratory rodents are the most thoroughly studied and well-characterised models for experimental studies. Following infection with WNV, these animal models develop encephalitis showing many similarities to the human disease. However, the histological events that occur during infection, especially in peripheral tissues, have not been fully characterised (54) . Apart from seropositivity, there is only limited information on the occurrence of WNV in sheep (49) . A case of a 4-year-old ewe with WNV infection and neurological symptoms has been described in Hungary (50) . Reptiles are also susceptible to the infection. Clinical signs observed in alligators are anorexia, lethargy, intention tremors, swimming on their sides, spinning in the water, and opisthotonus (42) . Death occurred 24 h to 48 h after the onset of clinical signs. In Hungary in 2004 a goshawk (Accipiter gentilis) died after showing central nervous signs due to infection with a lineage 2 strain (3).
Factors triggering changes in West Nile virus distribution
Factors linked to climate change and mosquito populations
As early as 1999, Epstein suggested that a mild winter followed by dry spring and summer seasons, heat waves in July and storms with rainfall at the beginning of autumn would favour the emergence of mosquito-borne diseases (30) . During the WNV outbreak in Israel in 2000, the minimum temperature was found to be the most important climatic factor that encouraged earlier appearance of disease (74) . The development of the outbreak in Romania in 1996 was comparable (107) . Each of these epidemics appeared after a long heatwave.
Climate has a key influence on vector abundance, biology and physiology (91) and mosquitoes are very sensitive to weather conditions at many stages of their life cycle. The net effect of global climate change on vector-borne diseases may be positive or negative, depending on the relative contributions of variations in each of the contributory parameters. For example, it is likely that increasing temperature will lead not only to an increase in the vectorbiting rate and speed of virus development in the mosquito but also to an increase in the vector mortality rate (91) . The transition from low transmission to increased transmission due to temperature effects appears to occur over a narrow range of temperatures, indicating that there is usually an optimum temperature for transmission (53) .
Drought brings avian hosts and vector mosquitoes into close contact and facilitates the epizootic cycling and amplification of arboviruses within these populations (30) . In the South of France, a retrospective study of the 2000 WNV outbreak showed that the biting rate of Cx. modestus was positively correlated with temperature and humidity, coupled with rainfall and hours of sunshine (62) .
Factors linked to bird populations
Bird movements: migration and dispersion
During migratory movements, birds may carry pathogens that can be transmitted between species at breeding sites, during overwintering and at stopover places where numerous birds of various species are concentrated. A good example of the probable introduction of WNV by migratory birds occurred in Israel in 1998 when an outbreak of the virus on goose farms and evidence of infection in dead migratory birds were reported (10) . Although it is widely accepted that bird migrations are important factors allowing WNV to translocate between Africa and Europe, there is a knowledge gap between what is known about bird migrations and full understanding of the phenomena underlying WNV transcontinental translocations.
First, some aspects of bird physiology and pathology of WNV infection should be considered. For example, duration of viraemia and the associated transmission risk to mosquito vectors does not go beyond 3 to 4 days in most cases, whereas transcontinental migration from endemic areas in sub-Saharan Africa can easily take 15 to 20 days for a rapid migrant. It could be argued that stress during migration could lengthen the viraemic period, but whether a diseased bird can fly for so long is speculative.
Secondly, it is often taken for granted that the direction of WNV import is from Africa to Europe, but little evidence supports this, there is much more consistent evidence supporting introduction in the opposite direction. For example, the only isolation of WNV from birds in obvious migration was described in Israel in a flock of infected storks migrating from Europe to Africa (65) . Further, the transmission periods in Africa and Europe support the view that the virus travels from Europe to Africa more easily than in the opposite direction. Thus, the transmission period in endemic parts of sub-Saharan Africa, such as in Senegal, is from October to January, but the main body of bird migration occurs from late February to May. It is therefore almost impossible for any migrating bird to become infected during the migration season. Moreover, in temperate Europe the virus circulates in summer and autumn, just when most migrant birds return to their winter headquarters in Africa. Clearly, some of them will be infected like the storks cited above. A list of birds potentially involved in the introduction, amplification and spread of WNV in the Camargue was provided recently (48 A recent study has investigated the role of migratory birds, principally Passeriformes, in the dissemination of WNV in the USA (27) . In examination of more than 13,000 avian blood samples, specific WNV neutralising antibodies were detected in 254 birds (39 species), and WNV viraemias were identified in 19 birds, but only during fall migration. This study also supports the view that the virus is carried southward during autumn migration in the Americas, but not northwards. Migratory birds might have a role in the spread of WNV in the USA but major contradictions exist: progression of WNV in the USA has occurred mainly from east to west, whereas birds migrate from north to south and the virus has spread at a pace not compatible with migrating birds as principal factors of dispersal (85) .
Bird roosting behaviour may be a critical component regulating WNV transmission because of the crepuscular/nocturnal feeding behaviour of Culex mosquitoes. A study of the roosting behaviour of American crows (Corvus brachyrhynchos) and northern cardinals (Cardinalus cardinalus) showed that crows could spread the virus throughout an area of approximately 20 km², whereas viraemic cardinals would only spread the virus over an average area of 0.03 km² (113) .
Lastly, other mechanisms not related to bird migration should be taken into account. The trade in birds and bird products (legal or illegal) could also account for some of the introductions into Europe. An example of intercontinental introduction of WNV, probably independent of migrating birds, was the outbreak of WNV in New York in 1999, where the first disease clusters were found near the airport (58) . Although genetic relationships between African and European strains of WNV support the existence of a translocation mechanism in which migrating birds possibly play a role, the details of such a role are not yet fully understood.
Host diversity and heterogeneity
Recent ideas suggest that biodiversity could play a major role in influencing contact rates between hosts or between hosts and vectors. However, biodiversity appears to play an ambiguous role in WNV circulation, with two opposite effects. The nature of the contradiction is only apparent, because the effect could depend upon the biodiversity of each site. In some instances, an increase in biodiversity would result in a rise in WNV transmission. In North America, transmission of the virus is dominated by extreme heterogeneity in the community of avian host species, with a single species, the American robin (Turdus migratorius), accounting for the majority of WNVinfectious mosquitoes (51) . In southern France (the Var) in 2003, the two areas with IgM-positive horses were located near protected natural zones where biodiversity is greater than elsewhere (26) .
In another instance, increased avian diversity in the eastern USA was associated with a lower incidence of human WNV infection (103) , illustrating the concept of the dilution effect and demonstrating that wildlife diversity can help in protecting human populations from infectious disease. Where native vertebrate diversity is high, mosquito vectors can feed on a large variety of hosts, mostly poor reservoirs for WNV, resulting in lower prevalence of infection. Richness (numbers) of nonpasserine species has been negatively correlated with both mosquito and human infection rates for WNV (32) . In these situations conservation of avian diversity and biodiversity in general might help in the prevention of WNV epidemics.
Environmental, anthropogenic changes and socio-economic patterns
The distribution of both susceptible avian reservoir hosts and competent mosquito vectors is influenced by geographic variables such as land use/land cover, elevation, human population density, physiographic region and temperature. Identifying the links between environmental variables and risk of infectious disease is essential for understanding how human-induced environmental changes will affect the dynamics of human and wildlife diseases.
In the Camargue, two clusters of equine WNV cases were identified after the 2004 outbreak, both in wet areas (60) (Fig. 4) . Rice fields, dry bushes, wet sansouire (saltmarsh habitat dominated by Salicornia species) and open water were the major components of the landscape that were associated with the presence of cases. In the Var and the Camargue, a high level of virus circulation was positively associated with the landscape metrics and the interspersion and juxtaposition index, as well as with the surface covered by heterogenous agricultural areas. Both variables are indicators of a complex landscape structure that may favour the contact rates of competent vectors with reservoir hosts (82) .
In Colorado, WNV infection rates among Culex mosquitoes were found to decline with increasing wetland cover, suggesting that preservation of large wetland areas may represent a valuable ecosystem-based approach for controlling WNV outbreaks (33) . In the northeastern USA, a study based on analysis of eight years (1999 to 2006) of human WNV disease surveillance data showed that urbanisation is a risk factor for this disease but that the risk is independent of human population density (12) . These results are consistent with our knowledge of vector species in this area.
Models of risk prediction
Methods aiming at predicting the risk of WNV emergence are based on statistical or mathematical modelling. The objective is to identify key parameters that could be included in routine surveillance systems and enable early warning and implementation of control measures (90) .
Vector-based models of prediction
A theoretical framework allowing calculation of the abundance dynamics of emerging adult mosquitoes from rain-fed ponds has been developed for forecasting the dynamics of Aedes and Culex populations (81) . The dynamic of vectorial abundance was sensitive to flooding dynamics and depended on the bio-ecology of mosquito species and the topography of breeding sites.
These models have also taken into account the capacity of flight and dispersion of the vectors (5). For example, Cx. modestus has a small flight distance in open spaces but can fly longer distances along vegetation corridors.
Population-based models
Instead of focusing on vector populations, other studies have examined the links between cases in WNV hosts (reservoirs and/or incidental vectors, humans or horses) and the environment in order to build predictive models for the risk of transmission. This approach, mainly statistical, has the advantage of requiring less information about vector abundance but the disadvantage of needing WNV cases identified by surveillance systems. External validation of these models is therefore required.
In France, WNV disease is notifiable by veterinarians but the vaccination of horses is as yet very limited; however, a syndromic surveillance system has allowed collection of clinical cases in horses during consecutive years. A model was built to generate a prediction map for the areas at risk of endemic circulation of WNV along the Mediterranean coast (82) . Areas with significant probability of high-level viral circulation status were located in the Camargue and the Var, and also at an intermediate distance between these zones, near Aix-en-Provence. Equine cases near Perpignan in 2006 were also located near areas of high risk. Further work is needed to provide external validation of this predictive map, and generalisation to other European countries should be a further objective. It should be borne in mind that WNV is a very complex pathogen behaving completely differently according to the particular conditions at each of the numerous geographical niches compatible with WNV transmission.
Conclusion
The spectacular panzootic of WNV in the Americas has drawn attention to this virus and it has frequently been suggested that it is also an emerging pathogen in the Old World. Recent data suggest an increase in the circulation of WNV in European countries and the Mediterranean basin. However, it is important to put into perspective the fact that, even if the urban outbreaks in Romania and Russia are included, fewer than 200 deaths in humans have been recorded over the past decade. Of course, many countries have limited facilities for surveillance and diagnosis, but there is certainly no evidence of large-scale epidemics anywhere in the region. What will happen with WNV lineage 2 in the future remains uncertain.
Many factors could be involved in the explanation for the recrudescence of WNV in Europe. Temperature is only one of many interacting factors that are likely to influence transmission. The history of yellow fever, dengue, malaria, chikungunya and other diseases in Europe shows that the risk of importation and establishment of exotic pathogens is a direct result of the revolution in transport technologies and increasing global trade. Globalisation, whether caused by intentional economic activity or by large-scale economic disruption, is potentially a far greater challenge to public health than any future changes in climate. Les auteurs font le point sur les découvertes les plus récentes relatives à l'épidémiologie, à la dynamique de la transmission et aux aspects cliniques de l'infection par le virus West Nile, en mettant particulièrement l'accent sur les facteurs spécifiques susceptibles de favoriser les changements de distribution de la maladie en Europe, tels que le changement climatique et ses effets sur les vecteurs potentiels du virus ou sur les routes migratoires des oiseaux. La maîtrise de certains facteurs anthropiques ou environnementaux pourrait contribuer à prévenir la propagation et la réémergence d'épidémies dues au virus West Nile.
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Epidemiología del virus West Nile y factores desencadenantes de cambios en su distribución europea
S. Pradier, S. Lecollinet & A. Leblond
Resumen Tradicionalmente se ha considerado que el virus West Nile (VWN) es uno de los menos virulentos del complejo de serogrupos de la encefalitis japonesa (familia Flaviviridae, género Flavivirus). Intervienen en su ciclo natural las aves, que cumplen la función de principal anfitrión amplificador, y diversas especies de mosquitos que actúan de vectores. En el último decenio se han producido muchos brotes causantes de graves casos de encefalitis humana en el Viejo Mundo, y el virus se ha asentado en numerosos países europeos. Resulta difícil predecir, y aún más prevenir, su aparición. Los autores presentan los datos más recientes sobre la epidemiología, dinámica de transmisión y aspectos clínicos del VWN, deteniéndose especialmente en una serie de factores que seguramente pueden inducir cambios en la distribución de la enfermedad en Europa, por ejemplo la modificación del clima y sus efectos sobre los eventuales vectores del VWN o las rutas migratorias de las aves. El control de ciertos factores antropogénicos y ambientales podría ayudar a impedir la extensión y reaparición de epidemias provocadas por el virus West Nile.
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